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Description 

DAr.krnROi iwn OF THE INVENTION 

s [0001] Inasmuch as the rate of dissolution of a particle can increase with increasing surface area, i.e.. decreasing 
particle size, efforts have been made to control the size and size range of drug particles in pharmaceutical compositions 
by a variety of methods, including various milling techniques, such as airjet milling and wet milling. However, there tends 
to be a bias in the pharmaceutical arts against milling techniques, particularly, wet milling, due to concerns associated 
with contamination. For example, in the preparation of pharmaceuticals for oral and parenteral applicatons. it is des.r- 

10 able to have total contamination, e.g., of heavy metals, below about 10 parts per million. The need to control and mini- 
mize contamination is particularly critical in the milling of parenteral products due to potential safety issues associated 
with injection of contaminants. ... «^*u«f;u Q 

[0002] Various grinding media, such as stainless steel, zirconium silicate, zirconium oxide, glass, and the like, typ- 
ically in the form of spherical beads, are commonly used in various mills, including media mills, for grinding materials. 

15 However the use of stainless steel media can result in the introduction of iron, chromium and/or nickel contamination 
to the milled product accompanied by product discoloration. Media fabricated of conventional materials, such as zirco- 
nium silicates and zirconium oxides often contain zirconium, silicon, barium, lead, hafnium, yttrium, thorium and ura- 
nium, all of which can enter the product during grinding, leading to potential safety issues. Glass media can contain 
various alkali oxides, which are an unacceptable source of contamination. Additionally, most commercially available 

20 glass media for fine grinding are of the soda lime type, which is not well suited for milling pH sensitive products due to 
high alkalinity which can result during milling. 

[0003] Uversidge fiLaL in U.S. Patent No. 5.145.684, and published European specification EP-A-0 498,492, 
describe dispersible particles consisting of a drug substance, which may be an x-ray contrast agent, having a surface 
modifier adsorbed on the surface thereof in an amount sufficient to maintain an effective average particle size of less 

25 than about 400 nm. The particles are prepared by dispersing the drug substance in a liquid dispersion medium and wet 
grinding in the presence of rigid grinding media. Particles free of unacceptable contamination have been prepared in 
accordance with this method. 4 . . . -~ n 

[0004] DE-A-371818 (equivalent to US-A-5,064,436) relates to a material useful in a bone prosthetic device. The 
material is made by ball milling together a synthetic hydroxyapatite with an organic inflammable substance. The organic 

so inflammable substance may be polystyrene, polyvinyl alcohol or polypropylene. The example discloses polystyrene 

having a particle size of 6 \im (.006 mm. 

[0005] EP-A-371431 discloses a process for producing pharmaceutical compositions wherein a pharmaceutical 
agent is supported on a support material. The support material can be cross-linked polymers swellable in water, such 
as crospovidone. cross-linked polymeric cyclodexrin. cross-linked sodium carboxymethyl starch, dextran etc. The prod- 

35 uct is made by mixing together a powder of the pharmaceutical agent having a broad particle size distribubon of 0.01 
to 100 microns and a powder of the support material having a broad particle size distribution of 0.01 to 1000 microns. 
The mixture of the powders is placed into a high-energy colloidal mill together with a grinding means. The nature of the 
grinding means is not disclosed u^iMh fl Hn,n 
[0006] Nevertheless, further reduced levels of contamination are desired. This is particularly so when 1 ) the drug 

40 substance, which may be an imaging agent, is to be ground in a high energy mill where contamination tends to be par- 
ticularly problematic, and/or 2) the drug substance is intended for parenteral use, in which case the risks associated 
with contaminated product can be particularly severe. 

SUMMARY OF THE INVENTION 

[0007] We have discovered that fine particles of drug substances, can be prepared with reduced contamination by 
milling in the presence of grinding media comprising a polymeric resin. 

[00081 As used herein and throughout the specification the term 'drug substance' includes an organic diagnostic 
agent in addition to a therapeutic agent within its scope. ^ a 

so [0009] More specifically, in accordance with this invention, there is provided a method of preparing particles ot a 
drug substance, as hereinbefore defined, which comprises grinding the drug substance in the presence of grinding 
media comprising a polymeric resin. The media can comprise particles consisting essentially of the polymeric resin. 
Alternatively, the media can comprise particles comprising a core, which preferably is a conventional media material, 
having adhered thereon a coating of the polymeric resin. 

55 [001 0] ft is a particularly advantageous feature of this invention that there is provided a method of preparing fine 
particles of a drug substance, as hereinbefore defined, having reduced contamination and/or discoloration. 
[001 1 ] Still another advantageous feature of this invention is that there is provided a method of fine grinding a drug 
substance as hereinbefore defined, which method generates less heat and reduces potential heat-related problems 
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embodiments. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

^rtKeS 

substance in the presence of rigid grinding media ^Sl^STlpe e g., beads, consisting essentiaiiy 

L^eddS^^^ 

, with divinylbenzene. styrene copolymers, P^SSS^ Son™ ^d othe loropolymers high den- 

copolymers. polyurethanes. polyam,des. poly(tetrafluoroem^es) e^g T^ion a a poiyhydroxymethacrylate. 
sity polyethylenes, propylenes, cellulose ethers and ^^^5^"^ 
polyhydroxyethyl aaylate. silicone cortaimng polymers^ 

facilitate efficient particle size reduction. haliwad to ranae from about 1 to about 500 
« mer coating preferably is less than the diameter of the core. techniques 

« of the core surface, corona discharge treatment, and the l.ke wet-grind- 

« Useful liquid dispersion media include water, aqueous JS^" Y such as described in 

surface modifier can be selected from known organ* ^J^^ ( ^f^Zm^ on the total 
U S Patent No. 5,145.684 and can be present in an amount of 0.1-90%. preferably 1 80 a. Dy we gra 

such fine particles could be prepared at such low levels of contamination. 
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[00251 Grinding can take place in any suitable grinding mill. Suitable mills include a roller m.11. abaB "*"™JJ" 
[Talbra^ 

media consists essentially of the polymeric resin. The mill can contain a rotating shaft. 

ZS The preferred proportions of the grinding media, the drug substance, the optional liquid d.^on med-um. 
Edace^Xr present in the grinding vessel can vary within wide limits and depends M J-PJ 
ticular drug substance selected, whether it is for therapeutic or diagnostic use. the size Jjj 

SKS in 72 m" . itCSly is d— * to leave the grinding vessel up to ha« filled witha* the = g 
Smecompnsing^^ 

the vessel on the rollers which permits efficient grinding. However, when foaming is a problem during wet gr.nd.ng. the 
vessel can be completely filled with the liquid dispersion medium. , he . aiv . 0 mechanical 

,00271 The attrition lime can vary widely and depends primarily upon the particular ■£* substance^ m^hanicd 
Leans and residence conditions selected, the initial and desiredf inal particle size and so fortlv Fon 
"gTmes from several days to weeks may be required. On the other hand, resrience times of less than about 8 hours 

f^r^^XX^^ - -P— < he mil,ed Pa^te.P^uc, On eitiner a 
S^liquid dSS form) using conventional separation techniques, such as by filtration, sieving through a mesh 

SaainaSente ln the case ol dry milling, the drug substances must be capable of being formed into solid particles^ 
E3!3SJlIi. the drug substances must be poorly soluble ar«W^ 

'pooriy Se"1tTs meant that tne drug substance has a solubility in the liquid dispersion medium e.g.. , water o Mess 
th^n aS 10 mg/ml. and preferably of less than about 1 mg/m.. Tne preferred liquid dispersion medium ,s water. Addi- 
tionally, the invention can be practised with other liquid media. 

[0030] Suitable therapeutic drug substances and classes of drug substances are de scribed , ,n ^ Patert No. 
5145684 and include Danazol. 5a. "^m-hyl-s^ 

pposulfam. piposulfan and naproxen. Other suitable drug substances incite ^^^SXTmiS^ 
Application Serial No. 897,193 and the anticancer agents described in U.S. P a * en * ^^ ^^^^hirLoat^ etl^(3 5- 
ro031] Suitable diagnostic imaging agents include ethyl-3.5-b.sacetoamido-2.4 6-tniodobenzoate eth£ p> 
b Xtylamino)-2,4.6-triodobenzoyloxy) acetate, 

etho)cy-6-oxohexyl-3.5-bis(acetylamino)-2.4,6-triiodobenzoate. Other surtable imaging agents are described in puo- 
lished European specification EP-A-0 498,482. 

[0032] The invention will now be described with reference to the following examples. 

Pv am pl 0 1 Proration n> ^.-3 ■vhisar.et nam i rlo - ? 4 frtriiodo benroat* P^des usin g polycarbonate bea«S as the 
grinding media 

[0033] A dispersion (500 ml) was prepared by combining 30% w/v ethyl-3.5-bisacetoamido-2 : 4 j^^nz^e 
5 iSgVTyoTetrL-gOSOSg). which is a tetrafunctiona. block copolymer derived from s^uent^ 

ene <*ide and ethylene oxide to ethylenediamine. available from BASF, and water. ™ycarbonate , beads £50 mK aver 
aoe particle size 0 3 mm) were added to the grinding chamber (300 ml. grade 316 stamless steel) of a DYNO " *~ 
Q*2* KDL n^nufacTed by Willy A. Bachonen AG Maschinfabrik). The dispersion was recirculated through . fl»md 
usS aSt^dStecemert pump at a flow rate of 150 ml/min. The residence time of the dispens.on ,n the sm iting 
s amber^ 

peratureof the chamber jacket was controlled to below about 3°*C with a recirculating ^ 

senarator was adjusted to a gap thickness of about 0.1 mm. such that the grinding media was retained within the i cham 

Tne resulting particles (average particle size. 200 . ™»W ^SSJ 
coloration, indicating minimal attrition of stainless steel into the product. When a s.m.lar P^^^'TSS 
io ^ing grinding media fabricated of zirconium silicate on glass beads, the resulting product exhibited noticeable discol- 
oration. 

Evarnntes 2-4 Pr^tinn nf p,hvl.3. P -H i c a r B ,n a miri^2.4.Mriiodnhe.nzoate Parties using polystyrene beads as the 
grinding media 

55 [0034] A dispersion (500 ml) was prepared by combining 30% w/v ethyl-3.5-bisacetoamido-2 4.6-triHodoben- 
zoSe 1 50 g) 7^Tetronic™-908 (35 g). and water. Polystyrene beads (250 ml. average particle s.ze 0* mm. range 0.3- 
0 S e add™ to the grinding chamber- (300 ml) of a DYNO®-MILL The polystyrene contained d,v,ny.benzene 
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as the crosslink* The dispersion was recirculated through the mill at a flow rate of 150 ml/min for a calculated resi- 
^« T^m^B^aft in the srindlng chancer was rojateC at ^00 «PM.^ ^* n e ^ ^ ^ ..S^e 
jacket was controlled to below about 30'C. The resulting product (average particle size 180 nm) exhorted no 

Spm Tndlhe tenpeTature of the chamber jacket was controlled to below about 30'C. The resuHmg P«*£(m> 

SSffl™" ^Example 4 the procedure described for Examples 2 and 3 was substantially repeated except that the 
55 was mtated a 2500 RPM and the calculated residence time of the disperaion in the chamber was 1 40 m,n. The 
resulting particle size was 200 nm with no noticeable discoloration. 

gyggylo 5 M fasi lament of re d '^-ftd contamination hv ICP-MS andlCP-AES 

[0037] Adispersion (500 ml) was prepared by combining 30% (wJv) ethyW.5*sacetoamido 
150 a) 7% TeUonic™-908 (35 g). and water. Polycarbonate beads (250 ml, size 0.3 mm - 0.5 mm) we e added to the 
( J ^iToZor mh of a DYNO®-MILL The dispersion was recirculated through the null at a flow rate of 150 

20 "SSSSSSSSL o 7 3 0 minL Tte sS of *e grinding chamber was rotated at 3200 RPM (*> speed J a 
nVsT) md ta temperature of the chamber jacket was controlled to below about 30'C. The resultmg product (average 
SSe 225 nm) exhibited low levels of contamination (as set forth in the table below) when exammed by mdue- 
Ey coupled TpLma - mass spectroscopy (.CP-MS) and inductively coupled plasma - atom,c em.ss.on spectroscopy 

25 (ICP-AES). 



35 



50 



Contamination (ppm) 






Zr 


Si 


Fe 


Ba 


Cr 


Ni 


Example 4 


0.7 


3 


1 




1 




Comp. Ex. A 


0.5 


210 


12 


43 


2 


2 


Comp. Ex. B 


250 


220 


17 




4 


3 



• Indicates contamination below detection levels. 

100381 In Comparative Example A, a similar dispersion was milled to 194 nm using 0.5 mm glass beads. The .shaft 
SSffln^SS^ rotated at 3200 RPM (tip speed 10.5 m/sec). The product exhibrted substantal.y h,gher 
levels of silicon, iron, barium, chromium and nickel. hoaHc The 

[0039] In Comparative Example B, a similar dispersion was milled to 195 nm us.ng OJ5 . mM^ Jwa*. The 
5 of the grinding chamber wis rotated at 3200 RPM (tip speed 10.5 m/sec). The product exh,b,ted substant,a.ly 
higher levels of zirconium, silicon, iron, chromium and nickel. 

Fv am pl» fi Preoption nt nannoart r nanrnxen usinn nolvcarbonatf h^ndS in 8 planelafV mill 

[00401 Polycarbonate beads (6 ml. average particle size 0.3 mm) were added to a 12 ml agate bowl of a planetary 
Sodel SSoTFritsch P-7 Planetary micro mil. avai.able from Gilson Inc.,. ^l^Zt^Z^Z 
mg) Pluronic™F-68 (90 mg). a block copolymer of ethylene oxide and propylene ox.de avaJable trom BASF, and 2.7^ m 
2er Sec«on, to grve a final concentration (w/v) of 5% naproxen and 3% surface "^^^"g^S 
contained 6 ml media as a counterweight. The dispersion was milled at med.um speed (2.5 d.al sethng on the speed 
control) for 2.5 days. The naproxen particle size was measured at various time intervals as follows. 
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Time 


Particle Size (nm) 


3 hours 


24,200 


18 hours 


316 


36 hours 


288 


60 hours 


348 



[0041] The resulting milky white product had no noticeable discoloration or particulate contaminants. 
is Claims 

1 A method of preparing particles of a drug substance which comprises grinding said substance with rigU grinding 
" ISSE SSL particles to submicron size wherein the grinding media have a substant«My 

^Particle size range of 0.1 to 3 mm. and consist essentially of a polymeric resm or of a core havmg adhered ther 
20 eon a coating of the polymeric resin. 

2. A method as claimed in claim 1. wherein the polymeric resin is polystyrene cross linked with adivinyl benzene. 

3. A method as claimed in claim 1 , wherein the polymeric resin is a polycarbonate. 

4. A method as claimed in any one of claims 1 to 3. wherein the method is a wet grinding process. 

5. A method as claimed in any one of claims 1 to 3. wherein the method is a dry grinding process. 

3 o 6. A method as claimed in any one of claims 1 to 5. wherein the grinding takes place in a roller mill, a ball mill, an attri- 
tor mill, a vibratory mill, a planetary mill, a sand mill or a bead mill. 

7. A method as claimed in any one of claims 1 to 6. wherein the drug substance is naproxen. 
M 8. A method as claimed in any one of claims 1 to 6. wherein the drug substance is a diagnostic imaging agent. 
9. A method as claimed in claim 8, wherein the diagnostic agent is ethyl 3,5-bisacetoamido-2,4,6-triiodobenzoate. 
Patentanspruche 

1 Verfahren zur Herstellung von Partikeln eines Arzneistoffes. welches das Zermahlen des besagten Arzneistoffes 
St Srten MahlkOrpem zum Zweck der Verkleinerung der besagten Partikel bis zu einer GrOSe vor ^ ate 
ZL Mikron umfasst. wobei die Mahlkorper eine im wesentlichen kugelfOrm-ge Gestalt und e,ne ™«0*Be 
im Wertebereich von 0,1 bis 3 mm aufweisen und im wesentlichen aus emem polymeren Harz oder emem Kern 
45 bestehen, der eine aus einem polymeren Harz bestehende. darauf haftende Besch.chtung aufwe.st 

2. Verfahren, wie in Anspruch 1 beansprucht, wobei das polymers Harz mit einem Divinylbenzol vernetztes Polystyrol 
ist. 

so 3. Verfahren, wie in Anspruch 1 beansprucht, wobei das polymere Harz ein Polycarbonat ist. 

4. Verfahren. wie in einem der AnsprOche 1 bis 3 beansprucht. wobei die Methode ein NaBmahlvertahren ist. 

5. Verfahren. wie in einem der AnsprOche 1 bis 3 beansprucht. wobei das Verfahren ein Trockenmahtverfahren ist. 

6 Verfahren wie in einem der AnsprOche 1 bis 5 beansprucht. wobei das Zermahlen in einer WalzenmOhle. Kugel- 
mZ A^muhle VbraBonsmuhle, mit Planetengetriebe versehenen Muh.e. Sandmuhle oder Perfenmuh.e 
durchgefuhrt wird. 



40 



55 



6 



Page 7 of 7 



0 528 



EP 0 600 528 B1 

7. Verlahren. wie in einem der AnsprOche 1 bis 6 beansprucht, wobei der Arzneistoff Naproxen ist. 

8. Veriahren, wie in einem der AnsprOche 1 bis 6 beansprucht. wobei der Arzneistoff ein diagnostisches. bilderzeu- 
gendes Mittel ist. 

5 9. Veriahren, wie in Anspruch 8 beansprucht. wobei das diagnostische Mittel die Verbindung Ethyl-3.5-bisacetamido- 
2,4,6-trijodbenzoat ist. 

Revendications 

10 1 Procede de preparation de particules d'une substance medicamenteuse qui comprend le broyage de ladle subs- 
tan« Tavec des corps de b£age rigides. pour reduire lesdites particules a une d.mens.on sub™ que dans 
Jquellescorpsdebroyageontune forme sensiblement sphere. ™«^**!^^^!^ 
S3 mm et sent constitute essentiellement d'une rteine polymers ou d'un noyau sur lequel adhere un revetement 

»5 de r6sine polymere. 

2. Procede tel que revendique dans la revendication 1 . dans lequel la rfeine polymere est du polystyrene reticule 
avec un divinylbenzfene. 

20 3. Proc6de tel que revendique dans la revendication 1 , dans lequel la resine polymere est un polycarbonate. 

4. Procede tel que revendique dans I'une quelconque des revendications 1 a 3. dans lequel le precede est un procede 
de broyage par voie humide. 

25 5. Procedetelquerevendquedansl'unequelconquedes^^ 
de broyage par voie seche. 

6. Procede tel que revendique dans I'une quelconque des revendications 1 a 5. dans lequel le b royage a lieu « dans un 
broyeur a cylindres, un broyeur a billes, un broyeur operant par attrition, un broyeur vbrant, un broyeur planeta.re. 

30 un broyeur a sable ou un broyeur a perles. 

7. Procede tel que revend^^^ 1 ^ 6, dans lequel la substance medicamen- 
teuse est du naproxene. 

35 8. Procede tel que revendique dans I'une quelconque des revendications 1 a 6, dans lequel !a substance medicamen- 
teuse est un agent d'imagerie de diagnostic. 

9. Procede tel que revendique dans la revendication 8. dans lequel I'agent de diagnostic est de l'ethyl-3,5-bisacetoa- 
mido-2 l 4,6-triiodobenzoate. 
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